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Abstract 
This paper discussed the inherent safety assessment of biodiesel production pathways from the perspective of 
flammability parameter. The NuDIST technique for flammability scores calculation is used in the case study. 
Ranking between the productions pathways involved was calculated by considering all chemicals in the route as a 
mixture instead of individual components. Aside from that, mass fractions of the chemicals involved were used as 
weightage factor in order to determine the main contributors to the largest hazards in the process route. Four 
biodiesel production pathways were used as case study. According to the inherent safety assessment done, the acid-
catalyzed transesterification using fresh vegetable oil (PP4) pathway is the most hazardous route with the highest 
assessment score of 15.59 while the enzymatic transesterification using fresh vegetable oil (PP2) pathway is the 
safest route with the lowest assessment score of 1.39 in term of flammability parameter. The case study shows that 
the amount of chemicals existed in the process as well as their flammability characteristic, plays an important roles 
in determining the main contributors to the largest hazards in the route. In this work, mass fractions for every 
chemical were used as the weightage factor which helps in identifying the main contributors to hazards with more 
accuracy. A chemical with high flammability score but existed in low amount in the process might not be as 
hazardous as a chemical with low flammability score but existed in huge amount in the process as shown by methyl 
oleate and methanol in the base-catalyzed transesterification using fresh vegetable oil (PP3). 
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1. Introduction 
The decreasing of fossil fuel production and continuous increment of global energy demand are the main factors 
that leads to various research in finding the best substitute to fossil fuel such as biodiesel. Biodiesel has been used in 
various countries for transportation and industrial sectors for the purpose of achieving sustainable developments [1]. 
Although biodiesel provides various benefits in term of environmental and economic aspects, it is also important to 
ensure the process of biodiesel production is inherently safe. 
In order to build an inherently safer, user-friendlier and cost effective chemical process, the concept of inherent 
safety design need to be implemented [2]. Inherent safety design helps to avoid hazards as early as the research and 
development (R&D) stage of design stage. However hazards existed in a process need to be understood clearly 
before any hazard avoidance method can be implemented which can be done through hazard assessment and 
identification.  
Hazards identification can be done throughout the process design stage through the implementation of inherent 
safety assessment technique. Few examples of inherent safety assessment technique are the Prototype Index for 
Inherent Safety (PIIS) [3], the simple graphical method [4] and the Inherent Benign-ness Index (IBI) method [5] and 
the NuDIST method [6].  
The PIIS method [3] is one of the earliest inherent safety assessment technique which evaluates seven inherent 
safety parameters for selection of process routes during research and development (R&D) phase of process design 
stage. The parameters involved are temperature, pressure, inventory, yield, toxicity, explosiveness and flammability. 
Gupta and Edwards [4] introduced a simple graphical approach for inherent safety assessment using the same case 
study as in the PIIS method. The Inherent Benign-ness Index (IBI) [5] method compares various safety, health and 
environmental parameters in order to choose the best process route in term of safety, health and environmental 
parameters using the Principal Component Analysis technique. The Numerical Descriptive Inherent Safety 
Technique (NuDIST) [6] assessed alternative process routes in the R&D stage according to the total scores of eight 
inherent safety parameters and ranking. 
The iRET technique focuses on assessing risks caused by explosion and is more applicable for inherent safety 
assessment during preliminary engineering phase of process design stage which is comprised of mass and energy 
flow rate [7]. Another similar technique were proposed by [8] which focuses on minimizing the consequence of fire 
accidents called the Inherent Fire Consequence Estimation Tool (IFCET).  
The aim of this paper is to assess the inherent safety level of biodiesel production in the design stage focusing on 
the flammability parameter. This assessment is done using the NuDIST technique score calculation for flammability 
parameter.  
 
Nomenclature 
SFL Flammability Score 
x  Flash Point Value 
Scoremix Score Produced for a Mixture of Chemicals 
yi  Mass Fraction 
TFmix Flash Point Temperature for a Mixture of Chemicals 
TFi Flash Point Temperature for a Chemical 
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2. Methodology 
2.1. Assessment of Flammability Parameter 
Flammability is defined as the tendency for a material to burn in air [9; 10]. In this paper, the NuDIST method for 
assessing flammability parameter [6] will be used. The NuDIST method evaluates flammability of a chemical using 
the flash point value of a liquid. According to Crowl and Louvar [11], the lowest temperature needed for a liquid to 
emit enough vapor to become flammable when mix with air is called the flash point. Chemicals with lower flash 
point values indicate that it is more flammable compared to chemicals with higher flash point values. The scores for 
assessing flammability parameter in this technique were calculated according to Equation (1).  
 
 
       (1) 
 
According to Equation (1), SFL is the score produced for flammability parameter while x is the flash point value 
for the chemicals intended for the assessment. NuDIST technique stated that higher SFL value indicates higher score 
value which represents higher level of hazard. 
 
2.2. Assessment Ranking 
After the score for every chemical in a process route has been calculated, the process routes involved in the 
assessment need to be ranked according to their flammability assessment. In order to rank the process routes, all 
chemicals in a process route need to be considered as mixture instead of individual component in order to produce a 
unique flammability score for each process route. Equation (2) is used to accomplish this purpose. 
 
            (2) 
 
According to Equation (2), Scoremix is the unique score produced for a process route, yi is the mass fraction of 
every chemical involve and SFLi is the flammability score for each chemicals. Equation (2) was derived according to 
Equation (3) [11]. In Crowl and Louvar [11], Equation (3) was used to calculate the flash point value of a chemical 
mixtures. 
 
          (3) 
 
According to Equation (3), TFmix is the flash point of for a mixture of chemicals, yi is the mass fraction of the 
chemicals involved while TFi is the flash point value for every chemical involve. 
After every process route have been assigned with their own unique flammability scores, the process routes will 
then be ranked with higher score indicates higher level of flammability. 
2.3. Root-cause Analysis to Identify the Most Hazardous Chemicals 
Identifying the chemicals that contributes to the largest hazard in a process route is important in determining the 
suitable measures that need to be taken in order to avoid any fire or explosion. Thus, the root-cause analysis is done 
on the process routes assessed in order to find the chemical that will contribute to the largest hazard. A chemical 
with the highest score in a process route might not be the most hazardous if there is only small amount of it existed 
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in the process. Thus, the mass fraction for each chemicals is used as the weighing factor to identify the most 
hazardous chemical as shown in Equation (4). 
 
 
       (4) 
 
According to Equation (4), SFLi is the flammability score assigned to every chemical while MF is the mass 
fraction to every chemical. After the normalized score for every chemical have been calculated, the normalized 
score will then be analyzed and chemical with the highest normalized score is the most hazardous chemical in a 
process route. 
 
3. Case Study 
3.1. Brief Introduction to Case Study 
Four biodiesel production pathways are selected for the inherent safety assessment of flammability parameter. 
Table 1 shows the four pathways as well as the chemicals involved in the process [1]. In these processes, biodiesel is 
represented by methyl oleate, while the fresh and waste vegetable oil used as reactants are represented by triolein 
and a mixture of triolein and oleic acid, respectively. 
Table 1. Biodiesel Production Pathways. 
Symbol Production Pathway Reactant Product Catalyst 
PP1 Enzymatic Transesterification using Waste 
Vegetable Oil 
- Waste Vegetable 
Oil (Mixture of 
Triolein and Oleic 
Acid) 
- Methanol 
- Biodiesel 
(Methyl Oleate) 
- Glycerol 
- Water 
Tert Butanol 
PP2 Enzymatic Transesterification using Fresh 
Vegetable Oil 
- Waste Vegetable 
Oil (Mixture of 
Triolein and Oleic 
Acid) 
- Methanol 
- Biodiesel 
(Methyl Oleate) 
- Glycerol 
 
Tert Butanol 
PP3 Base-Catalyzed Transesterification using Fresh 
Vegetable Oil 
- Fresh Vegetable 
Oil (Triolein) 
- Methanol 
- Biodiesel 
(Methyl Oleate) 
- Glycerol 
Natrium 
Hydroxide 
PP4 Acid-Catalyzed Transesterification using Fresh 
Vegetable Oil 
- Fresh Vegetable 
Oil (Triolein) 
- Methanol 
- Biodiesel 
(Methyl Oleate) 
- Glycerol 
Sulphuric Acid 
 
3.2. Results and Discussion 
Table 2 shows the scores calculated for flammability parameter using the NuDIST method. The flash point values 
for every chemical used for the score calculation were obtained from the chemical and physical properties datasheet 
available in the literatures. The flammability scores (SFL) as well as the mixture scores (Scoremix) were calculated 
using Equation (1) and (2), respectively. In this assessment, higher scores represents higher level of flammable 
hazard thus, are ranked higher.  
According to Table 2, biodiesel production pathway 2 (PP2) is the safest route in term of flammability with the 
Scoremix of 1.39 while PP4 is indicated as the most hazardous route due to its highest Scoremix of 15.59. Other 
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materials involved such as water, natrium hydroxide and sulphuric acid are not included in this assessment due to 
their non-flammable characteristic. 
     Table 2. Inherent Safety Assessment Results for Flammability Parameter for Biodiesel Production Pathways. 
Production  
Pathways 
Chemicals 
Involved 
Flash Point 
Values (°C) 
Flammability 
Score (SFL) 
Mass Fraction 
(yi) 
Scoremix Rank 
(1-Safest, 4-Most Hazardous) 
PP1 Triolein 302.60 0.71 0.02 15.45 3 
Glycerol 160.00 10.98 0.05 
Methyl Oleate 130.00 18.36 0.47 
Methanol 11.11 70.80 0.01 
Oleic Acid 188.89 6.48 0.00 
Tert-butanol 11.00 70.84 0.44 
PP2 Triolein 302.60 0.71 0.51 1.39 1 
Glycerol 160.00 10.98 0.00 
Methyl Oleate 130.00 18.36 0.00 
Methanol 11.11 10.80 0.07 
Tert-butanol 11.00 70.84 0.42 
PP3 Triolein 302.60 0.71 0.07 6.94 2 
Glycerol 160.00 10.98 0.08 
Methyl Oleate 130.00 18.36 0.81 
Methanol 11.11 70.80 0.04 
PP4 Triolein 302.60 0.71 0.02 15.59 4 
Glycerol 160.00 10.98 0.06 
Methyl Oleate 130.00 18.36 0.55 
Methanol 11.11 70.80 0.35 
 
Table 3 shows the results of root-cause analysis for all four biodiesel production pathways. Tert-butanol is the 
most hazardous chemical for both PP1 and PP2 process routes while methyl oleate and methanol are the most 
hazardous chemical identified in PP3 and PP4, respectively.  
Note that in PP1, methanol has similar flammability score as tert-butanol. However, the mass fraction of 
methanol in the process route is very small which is 0.01 compared to the mass fraction of tert-butanol which is 
0.44. Thus, methanol is regarded as having less flammability hazard compared to tert-butanol. Similarly in PP3, 
methanol have the highest flammability score which is 70.80 compared to the other chemicals in the route however, 
it is regarded to be less hazardous due to its small fraction of 0.04. This indicates that methanol only exists in a very 
small amount in the process route in which it can be considered to be less hazardous. Although methyl oleate has a 
flammability score of 18.36 which is much lower than methanol, since it exists in a huge amount in the process route 
with a mass fraction of 0.81, it is regarded as the most hazardous chemical in the process route.  
In the assessment results of PP2, there are two chemicals with similar mass fraction which are triolein and ter-
butanol with the mass fraction of 0.52 and 0.41, respectively. However, triolein have a very low flammability score 
of 0.71 which indicates that it is almost non-flammable compared to tert-butanol which has the highest flammability 
score of 70.84.  Thus, tert-butanol is assessed as the most hazardous chemical in term of flammability in PP2. 
Similar case can be seen in PP4 between methyl oleate and methanol with the mass fraction of 0.55 and 0.35 each. 
According to the mass fraction, methyl oleate exists in larger amount than methanol in the process. However, methyl 
oleate has much lower flammability score of 18.36 compared to methanol with the flammability score of 70.80. This 
indicates that methanol has higher tendency to burn in air compared to methyl oleate resulting it to be the most 
hazardous chemical in PP4. 
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Table 3. Results for the Root-cause Analysis. 
Production  
Pathways 
Chemicals 
Involved 
Flammability 
Score (SFL) 
Mass  
Fraction (yi) 
Normalized 
Score 
The Most 
Hazardous 
Chemical 
PP1 Triolein 0.71 0.02 0.01 Tert-butanol 
Glycerol 10.98 0.05 0.52 
Methyl Oleate 18.36 0.47 8.68 
Methanol 70.80 0.01 0.92 
Oleic Acid 6.48 0.00 0.00 
Tert-butanol 70.84 0.44 31.31 
PP2 Triolein 0.71 0.51 0.36 Tert-butanol 
Glycerol 10.98 0.00 0.00 
Methyl Oleate 18.36 0.00 0.00 
Methanol 10.80 0.07 5.07 
Tert-butanol 70.84 0.42 29.99 
PP3 Triolein 0.71 0.07 0.05 Methyl Oleate 
Glycerol 10.98 0.08 0.92 
Methyl Oleate 18.36 0.81 14.80 
Methanol 70.80 0.04 2.72 
PP4 Triolein 0.71 0.02 0.01 Methanol 
Glycerol 10.98 0.06 0.63 
Methyl Oleate 18.36 0.55 10.12 
Methanol 70.80 0.35 24.79 
 
The inherent safety assessment for flammability parameter done on the case study shows that the amount of 
chemicals existed in the process plays an important roles in determining the flammability level of the process. Aside 
from that, their flammability characteristic, in this case their mass fractions and flammability scores are also 
important in determining the flammability level of the process.  A chemical with high flammability score but existed 
in low amount in the process might not be as hazardous as a chemical with low flammability score but existed in 
huge amount in the process as shown by methyl oleate and methanol in PP3. 
4. Conclusions 
This paper presents an inherent safety assessment for biodiesel production focusing on the flammability 
assessment of the chemicals involved. The assessment was done using the NuDIST technique for score calculation. 
There are four biodiesel production pathways involved in this assessment. The assessment done in this paper treats 
the chemicals involved in a process as a mixture in order to rank the process route. This assessment also considers 
mass fraction of every chemical involved as weightage factor in its calculation. Aside from that, the root-cause 
analysis to identify the most hazardous chemicals in term of flammability was also included in the assessment. This 
will provide users the information on which chemicals should be paid high attention due to their hazardous 
characteristics in order for the users to decide on the type of safety measures that need to be considered.    
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